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INTRODUCTION
The impetus for the present study arose from the discovery of an unexpectedly high abundance of the Tethyan warm-water ammonites as far north as the Lipnik-Kije section in the Coniacian-Santonian succession in Poland (Remin 2010) , an area generally included in the cool-water Boreal Realm. This led to the hypothesis that warm ocean currents reached far north into central Poland. The presence of mixed ammonite assemblages from the Tethyan and Boreal realms in this area enables correlation of previously uncorrelatable sections of northern (e.g. Münsterland Basin, Germany) and southern Europe (e.g. Corbiéres, France; Remin 2010) .
Although the correlation of the Coniacian-Santonian boundary interval by means of stable isotope curves is less clear than for some other parts of the Upper Cretaceous (compare Jarvis et al. 2006) , it is still possible as exemplified below. This study provides two new carbon isotope curves encompassing the ConiacianSantonian boundary interval and relates them to ideas concerning distribution of ammonite fauna, ocean paleocirculation and paleogeographic architecture.
Isotopic data, reported here, infer paleotemperatures for the Polish Sea (Lipnik-Kije section) that are anomalously high: higher than for the area of East Kent (UK), a part of Boreal Atlantic, and perhaps higher than those inferred for Spain, which was a part of northern Tethys Ocean (Jenkyns et al. 1994; Lamolda and Paul 2007) . The Dubovcy section in western Ukraine has a paleoposition which predisposes it for a comparative investigation. Paleogeographically, the Dubovcy section is located between Lipnik-Kije (central Poland) and the Hateg section (SW Romania) where inferred paleotemperatures derived from bulk-rock δ 18 O seem to be the highest (Melinte-Dobrinescu and Bojar 2010) . The initial assumption was that western Ukraine in Coniacian-Santonian times should be characterized by intermediate paleotemperatures. This assumption, however, is not backed up by either the ammonite distribution pattern or bulk rock oxygen isotopic data, leading us to propose a new model of ocean paleo-circulation.
This study has three main aims. First is to report and interpret the carbon and oxygen stable isotope records of the Coniacian-Santonian boundary intervals in the Lipnik-Kije sedimentary succession (SW Mesozoic margin of the Holy Cross Mts [HCM] ), Central Poland and the Dubovcy succession in western Ukraine. Using the biostratigraphic datum level defined by the FAD [First Appearance Datum] of Cladoceramus undulatoplicatus (Roemer, 1852) we are able to correlate the carbon curves with other sections, including the currently proposed GSSP for the base of the Santonian Stage at Olazagutia, Navarra, Spain (Lamolda et al. 2014; Lamolda and Paul 2007) and former candidate sections including the Ten Mile Creek section, Lancaster, Dallas County, north Texas, USA (Gale et al. 2007 ) and the Chalk succession in England (Jarvis et al. 2006) . Second, on a regional scale, is to provide an explanation of the abundance of both the Tethyan and Boreal ammonite faunas observed in the Lipnik-Kije section in re-lation to temperatures inferred from the ammonite distributions and the oxygen stable isotope record including the here recognized Coniacian-Santonian Cooling Event [=CSCE] . Third, we aim to discuss other factors that might have controlled the rather unexpected paleotemperature distribution in central Europe. And finally, based on the above, we propose a coherent model of paleo-circulation in this part of Europe for the Coniacian-Santonian transition.
GEOLOGICAL SETTING AND STRATIGRAPHY
The studied sections of Lipnik-Kije and Dubovcy (Text- fig. 1 ) are located on oposite sides of the main Mesozoic structural feature known as the Mid-Polish Anticlinorium (Text- fig. 1 ). It is usually interpreted as the inverted part of a former Danish-Polish Trough (e.g. Pożaryski et al. 1979) . The time and rate of inversion has been a matter of massive discussion with arguments for the start of the inversion in the Maastrichtian on the one hand or in the Coniacian/Santonian times, during Subhercynian tectonic movements, on the other hand. Interestingly, Rogala (1909) , Nowak (1907 Nowak ( , 1908 , and Samsonowicz (1925) amongst other researchers, mainly before World War II, interpreted the SE part of the Danish-Polish Trough as an emerged area (Łysogóry-Dobruga Land). In such interpretation this land would have been located between Lipnik-Kije and Dubovcy.
Lipnik-Kije section
The Lipnik-Kije composite section [50°36'52.60''N; 20°34'30.95''E] , first studied by Walaszczyk (1992) , has recently been investigated in detail and proposed as a standard reference section for the Santonian of Poland (Remin 2004 (Remin , 2010 . The later studies resulted in the discovery of an exceptionally rich fossil assemblage, which allowed the establishment of a precise inoceramid bivalve (in prep.) and ammonite (Remin 2010) zonation.
The studied section is situated within the SW Mesozoic margin of the Holy Cross Mountains (Text- fig. 1 ), to the south west of the Mid-Polish Anticlinorium (Text- fig. 1 ), which represents an inverted part of the DanishPolish Trough (e.g. Pożaryski 1964 Pożaryski , 1997 Pożaryski et al. 1979) . The Lipnik-Kije area constitutes the northeastern part of the Miechów Synclinorium and represents an area with a continuous, expanded and stratigraphically complete 150 meter-thick Santonian succession (Remin 2004 (Remin , 2010 . The studied interval covers the Middle-Upper Coniacian to Lower Santonian and is composed of pale grey, hard and thick-bedded siliceous limestones (referred to locally as 'opokas'). The lithology changes markedly in the middle part of the Middle Santonian from pure, hard and indurated opokas to soft, grey marls with ocasional plant debris and sandy intercalation (for details see Remin 2004) .
Inoceramid bivalves are relatively common throughout the succession. They are represented by frequent Volviceramus involutus (Sowerby, 1828), followed by 109 
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Text- fig. 2 . Coniacian-Santonian at the Lipnik-Kije section; the events are identified using the faunas and related to the UK carbon isotope curve of Jarvis et al. (2006) Remin 2004 Remin , 2010 . However, it is known from nearby areas (Walaszczyk 1992) . The base of the Santonian Stage is defined by the FAD of the inoceramid bivalve species C. undulatoplicatus (Text- fig. 2 ); its last occurance marks the base of the Middle Santonian, although this boundary cannot be drawn directly in the studied section (Remin 2010) .
Dubovcy section
In terms of paleogeography, the Dubovcy section is located to the northeast of of the former Danish-Polish Trough, and lies on the SW margin of the East European Platform (Text- fig. 1 ). Upper Cretaceous deposits are well exposed in western Ukraine encompassing the interval from the Cenomanian through Maastrichtian (e.g. Rogala 1908 Rogala -1911 Nowak 1907 Nowak -1914 Samsonowicz 1925; Kokoszyńska 1931; Pasternak 1959; Ivannikov et al. 1987; Pasternak et al. 1968; Pasternak et al. 1987; Gavrilishin et al. 1991; Vashchenko et al. 2007) .
The studied section is located about 100 km SE of Lwów, close to the city of Halicz, about 1 km east of the village of Dubovce (Text- fig. 1 ) [49°06'55.08''N; 24°47'46.90''E] . The section, together with list of fauna, has been described by Pasternak et al. (1968 Pasternak et al. ( , 1987 and Gavrilishin et al. (1991) . A detailed study of foraminifera across the Coniacian-Santonian boundary was provided by Dubicka et al. (2014) . Dubovcy, although one of the most important Upper Cretaceous sections in western Ukraine, has not been investigated previously using stable carbon and oxygen isotopes. The present study reports data for the Coniacian -Santonian transition; the whole Upper Cretaceous succession is under study and results will be published separately.
The Dubovcy consists of two sections exposed in separate quarries -Dubovcy I and Dubovcy II; with the latter encompassing the Coniacian-Santonian transition. The Dubovcy II section starts with a very characteristic bioclastic limestone unit which is composed almost exclusively of inoceramid bivalve debris (compare Rogala 1909) . This distinctive unit is overlain by yellowish, thinbedded siliceous limestones. The macrofauna is relatively common, including frequent V. involutus which is also present in the underlying inoceramid-rich beds. A few meters higher up in the succession, M. subquadratus was noted; this species defines the Upper Coniacian (Text- fig.  3 ). Higher up, the thin-bedded siliceous limestones pass relatively rapidly (within a 3-meter-thick interval), into a more and more marly succession. This gradual change in lithology predates the base of the Santonian (Text- fig. 3 ), marked by the FAD of C. undulatoplicatus. The Lower Santonian inoceramids come, mainly, from distinct inoceramid-rich horizons (Text- fig. 3 ). The base of the Text- fig. 3 . Coniacian-Santonian in the Dubovcy II section; the events are identified using the faunas and related to the UK carbon isotope curve of Jarvis et al. (2006) fig. 3 ).
MATERIAL AND METHODS

Ammonites
The ammonites from the Middle-Upper Coniacian through to the basal Campanian of the Lipnik-Kije section were fully described in Remin (2010) to which a reader is referred for a full list of species. The ammonites of the Dubovcy section are new collections and came from the interval encompassing the MiddleUpper Coniacian to basal Campanian. Detailed paleontological description will be provided elsewhere.
Geochemistry -stable carbon and oxygen isotopes
Samples for carbon and oxygen stable isotope analyses were obtained from slabs of rocks. In the Lipnik-Kije section, samples were collected at metre intervals, whereas in the Dubovcy II section they were collected half-meter intervals. Carbon and oxygen stable isotope data were obtained automatically using a Thermo KIEL IV Carbonate Device connected on-line wtih mass- 
Diagenetic screening
Selected samples from the Lipnik-Kije and Dubovcy sections, were examined by means of cathodoluminescence (thin sections) and SEM (rock chips), to investigate the likely degree of diagenesis and possible impact on the C and O isotope compositions. Polished thin sections were examined and photographed on a CITL/ Nikon cathodoluminescence photomicroscope (Central Teaching Laboratory, University of Liverpool) with typical operating conditions for carbonate luminescence (vacuum: 0.06 mbar, accelerating voltage: 12 kV current: 400 µA). Secondary electron (SE) SEM images were obtained from carbon-coated rock chips on a Phillips XL30 scanning electron microscope (University of Liverpool) typically operating with a 20kV electron beam.
RESULTS
Ammonites
Lipnik-Kije section
The (Riedel, 1931) .
Dubovcy section
The Middle and Upper Coniacian of the Dubovcy section is characterized by relatively frequent ammonites, consisting however, exclusively of representatives of Parapuzosia daubreei (de Grossouvre, 1894) . The lowermost Santonian is additionally characterized by single specimens of Nowakites savini (de Grossouvre, 1894) and Texanites sp., thus still showing influences of Tethyan water masses. Higher up in the section, Tethyan ammonites disappear and are replaced by typical Boreal desmoceratids of the Kitchinites group, recorded from the middle part of the Lower Santonian. Higher up in the succession, within the dark marls of Early and Middle Santonian age, macrofauna becomes extremely rare, and ammonites disappear completely. Other cephalopods are represented by cold water belemnites of the genus Gonioteuthis (Bayle, 1878).
Stable Isotope Geochemistry
Lipnik-Kije section
Carbon:
The stable carbon isotope curve shows three discrete intervals (Text- fig. 2 ) within the ConiancianSantonian transition: 1) a double spined positive excursion, 2) a falling limb, and 3) a slow rise in values 18 O values reaching a maximum of -1.5‰, whereas the rest of the studied Lower Santonian records a long-term fall towards -2.5‰ δ 18 O.
Petrography and diagenesis
Lipnik-Kije section
The studied samples are fine-grained foraminiferal bioclastic wackestones to packstones. Some display mottled fabrics indicative of (micro-) bioturbation. The matrix contains a few dispersed quartz and feldspar grains. Cements are rarely seen in thin section and many foraminifera tests remain as open pores. In terms of CL response, the micrite generally has very dull orange luminescence but the mottled samples show marked variation in luminescence with dull cores and brighter margins in the mottled patches (Text- fig.  4 ). Foraminiferal calcite is generally very dull or nonluminescent (Text- fig. 4 ). Molluscan debris is relatively rare but shell fragments can show dull to bright orange luminescence. The secondary electron SEM images demonstrate that the matrix is dominated by coccolith debris. Microscopic calcite cements partially occlude matrix porosity.
Dubovce section
The limestones from the Dubovcy section are dominantly micritic wackestones with local foraminiferal packstones. There is some evidence of grain to grain compaction and pressure dissolution. The matrix contains a few dispersed quartz and feldspar grains. In terms of CL, the matrix displays a uniform dull to bright orange luminescence (Text- fig. 5 ). Foraminiferal bioclasts are non luminescent as are both the detrital quartz and replacive quartz (at 12kV beam excitation). K-feldspar detrital grains display a blue luminescence (Text- fig. 5 ). Some prismatic molluscan bioclasts display pervasive orange luminescence (Text- fig.  5 ). The centres of these grains appear to have been preferentially silicified. In thin section, cements fill or partially fill intragranular pores within foraminiferal chambers. These cements are generally dull orange or non-luminescent (Text- fig. 5 ). The secondary electron SEM images (Fig. 6 ) demonstrate that the matrix is dominantly composed of coccoliths and coccolith fragments with a more or less pervasive micro-spar calcite cement. Less cemented areas retain a relatively high porosity (Text- fig. 6 ).
DISCUSSION
Likelihood of preservation of stratigraphic isotopic signals
The petrological data (above) clearly indicate that the sediments from both Lipnik-Kije and Dubovcy have been affected by diagenetc alteration. Cements are visible in thin-sections and under the SEM. Pristine, unaltered marine carbonate would likely be almost non-luminescent so the variable cathodoluminescence of the samples and the individual bioclasts also indicates variable degrees of alteration. Interestingly, however, the bulk-rock isotope values from both of the studied sections are very similar to those from other European sections where the diagenesis has not been explicitly studied (Text- fig. 7) .
A detailed account of the diagenesis is beyond the scope of this paper but it is appropriate to comment on the possible consequences of diagenesis for the interpretation of stratigraphic patterns and paleoceanographic conditions. In general, diagenetic alteration of relatively deep water 'chalks' does not lead to the major shifts in isotopic composition that are found in shallow water limestones and organic-rich sediments (Hudson 1977) . Cementation and recrystallisation at or near the sea-floor can lead to preservation of isotopic values that reflect the marine environment. Burial diagenesis commonly leads to lower oxygen values, with introduction of cements at elevated burial temperatures and somewhat lower carbon values (Hudson 1977; Marshall 1992) . Different degrees of cementation between lithologies, however, can lead to stratigraphic fluctuations which can be confused with changes in paleotemperatures (Mitchell et al. 1997) .
There is no evidence that the isotopic compositions of the samples from Lipnik-Kije or Dubovcy have been unduly affected by diagenesis. The isotopic values as displayed on the cross plot diagram (Text- fig. 7 ) are clumped and typical of normal marine limestones. In the absence of significant shifts in composition (or covariance with oxygen values), the carbon isotope values largely are likely to reflect primary paleooceanographic ZBYSZEK REMIN ET AL. conditions. The observed diagenesis has most likely lead to a pervasive decrease in oxygen isotope values. So, whilst the oxygen values are very unlikely to be absolutely pristine and it would be unwise to attribute small changes in values to absolute temperature change, the coherence of data on the cross plots encourages us to suggest that the patterns may reflect primary differences between Lipnik-Kije and Dubovcy, and, with caution, with the other European successions.
Correlation
Since the pioneering paper of Scholle and Arthur (1980) the pattern of δ 13 C values for the Upper Cretaceous has been used as a chemostratigraphic tool for correlation between distant sedimentary sections. Its usefulness for global correlation has been proved by different authors for different intervals (e.g. Schlanger et al. 1987; Arthur et al. 1990; Jenkyns et al. 1994; Voigt and Hilbrecht 1997; Voigt 2000; Voigt and Wiese 2000; Gale et al. 2005 Gale et al. , 2007 Lamolda and Paul 2007 ; for a complete review see Jarvis et al. 2006) . Jarvis et al. (2006) provided detailed carbon stable isotope data for the Cenomanian -Campanian plotted against the lithoand biostratigraphic logs of the Chalk succession in England. Positive and negative excursions of δ 13 C and inflection points were used to define 72 isotope events. As they noted, their reference curve is remarkably similar in shape to published, supposedly eustatic, sealevel curves with increasing δ 13 C values accompanying sea-level rise and transgression, and falling δ 13 C values characterizing sea-level fall and regression. Although an increasing number of Coniacian-Santonian (mid-Upper Cretaceous) sedimentary sections around the world have been investigated by means of stable isotope geochemistry (Coplen and Schlanger 1973; Arthur et al. 1985; Jenkyns et al. 1994; Huber et al. 1995; Gruszczyński et al. 2002; Zapata et al. 2003; Leckie et al. 2005; Jacobs et al. 2005; Li et al. 2006; Jarvis et al. 2006; Lamolda and Paul 2007; Gale et al. 2007) , detailed correlation of stable isotope curves for the Coniacian-Santonian boundary interval, is less clear-cut than for other Upper Cretaceous intervals (Jarvis et al. 2006) .
In general, the Middle to Upper Coniacian and basal Santonian may be recognized by a combination of δ In the case of the Coniacian-Santonian boundary, the carbon stable isotope compositions obtained from the Lipnik-Kije and Dubovcy sections is a little more problematic, however, the base of the Santonian in both sections is defined biostratigraphically by FAD of the inoceramid bivalve C. undulatoplicatus. This datum is located close to the small negative peak on a long-term weakly fluctuating fall of δ fig. 8 ).
Kingsdown Isotope Event -Middle-Upper Coniacian boundary
In the UK Chalk succession, the Kingsdown Event represent a maximum around the Middle-Upper Coniacian boundary and is an inflection point after a Middle Coniacian long-term rise. The Kingsdown peak is situated 5 m above the East Cliff Semitabular Flint, a distinctive marker bed containing abundant platyceramids and volviceramids (Jarvis et al. 2006 ). The latter marker bed occurs ca. 5 m above the less prominent j2 event of Jarvis et al. (2006) .
In the Lipnik-Kije and Dubovcy sections, within intervals 1 (compare Text-figs 2 and 3), the Kingsdown Isotope Event can easily be traced as the pattern mirrors in general the trend observed for the UK Chalk succession. In the Lipnik-Kije section, the Middle-Upper Coniacian boundary, although not proved by inoceramids, i.e. M. subquadratus, can be drawn on the basis of ammonites and is represented by the δ 13 C maximum of 2.5‰, which is correlated here with the Kingsdown Event (Text-figs 2 and 8). In the Dubovcy section, the Kingsdown Event is even better expressed than in Lipnik-Kije and can be directly linked with Middle-Upper Coniacian boundary marked by the FAD of M. subquadratus, represented by a δ 13 C peak of 2.7‰ (Text- figs 3 and 8) . Surprisingly, and similarly to the UK Chalk succession, the Kingsdown Event lies approximately 5 m above beds containing abundant volviceramids in the case of Lipnik-Kije, and 2-3 meters above a characteristic bioclastic limestone composed almost exclusively of volviceramid debris in Dubovcy. Those marker beds with abundant Volviceramus are tentatively correlated with the East Cliff Semitabular Flint and are broadly related to the j2 Event of Jarvis et al. (2006) .
Michel Dean Isotope Event -Coniacian-Santonian boundary
Above the Kingsdown Event, δ 13 C values continue a long-term fall within the Upper Coniacian into the Lower Santonian (Text-fig. 8 ). The Coniacian-Santonian, defined by the FAD of Cladoceramus undulatoplicatus, consistently occurs around a negative peak immediately followed by a positive exursion of different magnitude in the studied and reference sections (compare Text-figs 2, 3 and 8), constituting the Michel Dean Isotope Event (Jarvis et al. 2006) . Two less consistently developed positive excursions within the Upper Coniacian are informally numbered events k1 and k2 (compare Jarvis et al. 2006) .
In the studied sections of Lipnik-Kije and Dubovcy, the FAD of C. undulatoplicatus correlates with the general position of the Michel Dean Isotope Event on a long term fall (compare intervals 2/3 in Text- fig. 2 ). However, in detail the pattern of a negative peak followed by immediate increase in δ 13 C is variously expressed in particular sections (Text-figs 2, 3 and 8). In respect to the magnitude of changes in δ 13 C record, the differences in pattern of the Michel Dean Isotope Event in the studied sections are most likely within the noise in the signal produced by differences in content of bioclasts and diagenesis (especially in the case of Dubovcy). In LipnikKije, two positive exursions between the Kingsdown and Michel Dean Events most likely equate to the informal events k1 and k2 (compare interval 2 in Text- fig.  2 ) as recognized in the UK Chalk (Jarvis et al. 2006) . In Dubovcy only one positive exursion occurs within the Upper Coniacian and is provisionally interpreted here to represent event k1 (compare interval 1 in Text-fig. 3 ). The lack of the k2 informal event at Dubovcy can be result of different factors, including diagenetic overprint or biased sampling. Speculating, it may also be due to the presence of a small stratigraphic gap, which is however, undetectable within the current biostratigraphic resolution.
At the GSSP for the base of the Santonian Stage at Olazagutia section, Navarra, Spain, the FAD of C. undulatoplicatus occurs just above a negative peak and correlates with the beginning of an increase in δ 13 C values (Lamolda and Paul 2007; Text-fig. 8 ). In the case of the Ten Mile Creek section (Lancaster, Dallas County, Texas), a former GSSP candidate section studied by Gale et al. (2007) , the FO of C. undulatoplicatus corresponds to a minor trend of decreasing δ 13 C values between the k2 and Michel Dean events of Jarvis et al. (2006) , but very close to the latter event.
Paleotemperature patterns
Although less reliable for correlation than carbon curves, we used the oxygen isotopes in combination with paleontological evidence as potential indicators of paleotemperature changes. We realize that to interpret ZBYSZEK REMIN ET AL.
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Text- fig. 8 . Correlation of the Coniacian-Santonian δ 13 C curves; Olazagutia (Lamolda and Paul, 2007) ; East Kent (Jenkyns et al. 1994) ; Dover and Trunch (Jarvis et al. 2006) ; Lipnik-Kije and Dubovcy (this paper). Note that vertical and horizontal scales for all curves have the same scale the offset in bulk data δ
18
O curves between particular sections in terms of paleotemperatures can be questionable, although relative trends and the magnitude of differences in bulk-rock oxygen isotopes can be interpreted as gross climate signals (Stoll and Schrag 2000; Voigt and Wiese 2000) . It is noteworthy that the inferred paleotemperature distribution across Europe presented here is in broad agreement with the faunal distribution which includes ammonites (this paper and Remin, 2010) , foraminifera (Dubicka et al. 2014) , and nannoplankton (Svabanicka 1995; Lamolda 2002, 2007; Lamolda and Paul 2007; Melinte-Dobrinescu and Bojar 2010; Lamolda et al. 2014) . We therefore assume that the pattern of δ 18 O differences in the studied sections reflects, at least in part, some original paleotemperature control.
On a regional scale, we compare the oxygen stable isotope records from East Kent, UK (Jenkyns et al. 1994) -fig. 9 ). Therefore, surprisingly, the waters of the Polish sea, a part of the supposed Boreal Realm could have been even warmer than the waters of the Spanish sea, a part of the tropical Atlantic (Text-fig. 10 ). Looking at the paleogeographic position of the Lipnik-Kije area during the Coniacian-Santonian (Text- fig. 10 ), we might expect some interplay of warmer Tethyan and cooler Boreal water masses.
In the case of Dubovcy, distinct shift to less negative values could be observed in the latest Coniacian, followed by a gradual trend towards more negative values into the Early Santonian. This positive peak we interpret as a cooling phase represented by an increase of δ
O values of about +0.9‰ from approximatelly -2.3‰ to -1.4‰ in a relatively short time. In this interval, the δ 18 O values are consistently 1.5‰ higher than at LipnikKije. Such high values are largely surprising since paleogeographically the Dubovcy section is located in the mid point between Lipnik-Kije and Fizesti (Hateg) in Romania, for which the inferred paleotemperatures interpreted from bulk oxygen stable isotope are expected to be highest (Text-figs 9 and 10).
As mentioned above, the Fizesti section in Romania recorded low δ (Jenkyns et al. 1994) ; LipnikKije, Poland and Dubovcy, Ukraine (this paper); Fizesti, Hateg area, Romania (Melinte-Dobrinescu and Bojar 2010) ; note that the boundary interval is markedly wider at Fizesti since the C-S boundary is not based on FAD of C. ndulatoplicatus, so is less well constrained. The vertical and horizontal scales for all curves are the same tonian boundary large and fast increase in δ
O values, from approximatelly -4.0‰ to -3.0‰, is observed with a magnitude of +1.0‰ similar to that observed in the Dubovcy section in the latest Coniacian. The observed time-discrepancy in the shift to less negative values (Text- fig. 9 ) can be associated with the fact that the Conianian-Santonian boundary in Fizesti is based on the nannofossil Lucianorhabdus inflatus, which preceded the primary boundary marker, i.e. the FAD of C. undulatoplicatus (Melinte-Dobrinescu and Bojar 2007; Lamolda and Paul 2007; Lamolda et al. 2014) . Despite this increase, the Fizesti section had the warmest climate on the basis of the bulk stable oxygen isotope values. In the absence of any diagenetic investigation of the sediments this inference must be treated with caution.
Paleogeography and seawater paleo-circulation: discussion
Both of the studied sections are located in close proximity to the axial part of the Mid-Polish Anticlinorium (Text-figs 1 and 10), interpreted as the inverted part of a former Danish-Polish Trough (e.g. Pożaryski et al. 1979) . The time and rate of inversion has been a matter of considerable debate. Some authors argue for the start of the inversion in ConiacianSantonian times and other in the Maastrichtian (for the most recent disscussion compare Świdrowska et al. 2008; Krzywiec et al. 2009; Leszczyński 2012) . Critical review of this topic has been provided recently by Walaszczyk and Remin (2015) , who argue that none of those hypotheses explain everything. On the other hand, detailed spatial analyses of sedimentological data has been used by some of the authors to interpret the uplift of the eastern part of the Danish-Polish Trough in Coniacian-Santonian times during Subhercynian tectonic movements (Pasternak, 1959; Pasternak et al. 1987; Pożaryski 1964; Walaszczyk 1992; Krzywiec et al. 2009 ). Nowak (1907 Nowak ( -1914 , Rogala (1908 Rogala ( -1911 , Kamieński (1925) , and Samsonowicz (1925) , amongst other researchers before Warld War II in addition to e.g. Pożaryski (1962) , in-ZBYSZEK REMIN ET AL.
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terpreted the SE part of Poland as an emerged area (Łysogóry-Dobruga Land), which Pasternak (1959) called the Krukienic Island (Krukienickii Ostriv). This land would have been located between LipnikKije and Dubovcy (Text- fig. 10 ), and would have expanded during Santonian and younger times Walaszczyk and Remin 2015; Remin, Z unpublished data) .
A distinct facies change from pure opoka-type limestone to dark marls of early Santonian age, is observed in the Dubovcy section (Text-fig. 3 ). This can be linked to the input of clay and coarser terrigenous material coming from the erosion of Krukienic Island (Text-fig.  10 ). This morphological and paleobiogeographical barrier, partially emerged and most likely partially subaquaeous (towards the NW) would have rebuilt the paleoceanographic architecture in this part of Eurpe and affected paleo-circulation. In particular the area of western Ukraine would have been cut-off from Tethyan influences allowing cold currents to flow from the North (Text-fig. 10 ). A similar facies change is observed in the Lipnik-Kije section in the middle Middle Santonian, suggesting that the uplift front moved towards the NW reaching the Holy Cross Segment distinctly later than in Ukraine.
Early Santonian ammonite assemblages from areas in southern Europe are typically included into the Tethyan Realm, such as those represented by the Olazagutia section in northern Spain or Corbieres, southern France (Kennedy et al. 1995) . They differ markedly in specific and generic composition from those areas located in northern Europe, such as the Münsterland Cretaceous Basin in northern Germany (Lommerzheim 1995; Kennedy and Kaplan 2000; Kaplan and Kennedy 2000) .
At the Coniacian-Santonian boundary both in southern Tethyan and northern Boreal Europe, a distinct change in ammonite fauna is observed (i.e., Kennedy et al. 1995; Remin 2010) . In Corbieres (Text- fig. 10 ), the base of the Santonian is marked by the entry of the representatives of the genera Nowakites, Parapuzosia and Saghalinites, which are widely distributed in the Tethyan Realm and are almost absent in the North European sections commonly connected with the Boreal Realm (Remin 2010) . In contrast, in the Münsterland Cretaceous Basin (Text- fig. 10 ) the acanthoceratid-dominated fauna of latest Coniacian age, is replaced, at the Coniacian-Santonian transition, by a desmoceratiddominated assemblage represented by the genera Kitchinites Spath, 1922 , Hauericeras Grossouvre, 1894 and Tragodesmoceras Spath, 1922 (see Lommerzheim 1995 Kennedy and Kaplan 2000; Kaplan and Kennedy 2000) .
These patterns of ammonite succession and distribution have previously led to serious problems with the correlation of sections located in the Boreal and Tethyan realms (Hancock 1991; Kennedy et al. 1995; Kaplan and Kennedy 2000) . The problems have been solved by the discovery of mixed Tethyan and Boreal assemblages in the Lipnik-Kije section in central Poland, enabling the correlation of so far uncorrelatable sections of northern and southern Europe as well as of other regions (Remin 2010) . In this respect, the Lipnik-Kije section, having eight taxa in common with the Boreal Münsterland Cretaceous Basin and 13 taxa in common with the Tethyan Corbieres area (Remin 2010) , is one of the most important Coniacian/Santonian sections, providing a unique insight into the paleobiogeography and distribution pattern of ammonites across Europe. The LipnikKije section is characterized by mixed Boreal and Tethyan ammonite assemblages from the Middle/Late Coniacian up to at least the middle Middle Santonian (Remin 2010) . In contrast, the Dubovcy section is dominated by Tethyan ammonites in the Late Coniacian which disappear close to the Coniacian-Santonian boundary, followed by the entry of typically Boreal representatives of the Kitchinites group. Higher up in the succession, a consecutive decline in abundance of all cephalopods is observed.
It is generally accepted that climate and ocean water paleotemperature is one of the most important factors influencing ammonite paleobiogeography (e.g. Kennedy and Cobban 1976; Wiedmann 1988, 1990) . The abundance of low-latitude Tethyan ammonites in the Lipnik-Kije area, especially of the genera Nowakites, Parapuzosia and Saghalinites, mixed with the Boreal ammonite of the Kitchinites group in the Early Santonian suggests broad and wide-open connections between the warmer Tethyan and colder Boreal water masses which interacted dynamically in the Polish Sea (Text-fig. 10 ). In contrast, in Dubovcy, the dominance of Tethyan ammonites in the Middle-Late Coniacian and their general absence in the Early Santonian must have been caused by distinct environmental and/or paleogeographic changes. We speculate that the Dubovcy area must have been cut-off from Tethyan influences in the Early Santonian.
Interestingly, the change in ammonite assemblages in the Dubovcy section occurs simultaneously with the main facies change to a more marly part of the successsion in the Early and Middle Santonian (Text-fig. 3 ). From the same interval, Dubicka et al. (2014) reported blooms of small buliminids and bolivinids and an increasing number of agglutinated foraminifers indicating oxygen-depleted enviroments and highly eutrophic con-ditions. Additionally, the massive disapearance of selected Tethyan forms of keeled planktonic foraminifera, usually interpreted as warm-water species, were observed in the same interval (compare disscussion in Dubicka et al. 2014) . Amongst the few keeled planktonic forms that thrive in the Early and Middle Santonian, only typical Boreal forms are observed (Dubicka et al. 2014) .
The expression of the latest Coniacian distinct cooling phase and subsequent warming during the Early Santonian observed in the Dubovcy δ fig. 9 ) is also evident in the English, Spanish and Romanian sections where cooling is additionally confirmed by nannoplankton evidence. In the GSSP at Olazagutia (Spain) the abundance of low latitude nannoconids sharply decrease just below the Coniacian-Santonian boundary and this is followed in the Early Santonian by the appearance of nannofossils (i.e. Kamptnerius magnificus and Gartnerago segmentatum), abundant at high latitudes (Thierstein 1976) . Similar high-latitude nannofloral components coincident with a prounounced increase in δ 18 O values have been detected in the Fizesti section in Romania at the Coniacian-Santonian transition (Melinte-Dobrinescu and Bojar 2010) . Mixed Tethyan and Boreal nannofloras were interpreted Lamolda 2002, 2007) as a result of cooler water mass incursion to middle and low paleolatitudes. Alternatively, Lamolda and Paul (2007) hypothesized that the Coniacian-Santonian δ 18 O positive shift reflected global climate changes, or regional fluctuations in the balance between Tethyan and Atlantic water sources leading to the incursion of cooler waters. However, at that time the northern equatorial Atlantic seems to have been typified by warm water masses (Bice et al. 2006 ) so there appears to be no mechanism for the creation of cold currents at the Coniacian-Santonian boundary.
CONCLUDING REMARKS
The Lipnik-Kije and Dubovcy sections have been correlated with sections of similar age using δ 13 C and fossil evidence. The δ 13 C shows maximum values around Middle-Upper Coniacian boundary constituting the Kingsdown Isotope Event, whereas the Coniacian-Santonian boundary is defined by the Michel Dean Isotope Event (Text- fig. 8 ) situated on a longterm fall. This perturbation in the stable carbon isotope record reflected an environmental event on interregional scale and δ 13 C values can be applied successfully as a chemostratigraphic tool for correlation of the base of the Santonian Stage between the distant sedimentary sections.
The proposed paleo-circulation model and paleotemperature distribution across Europe is supported independently by changes in faunal and nannoflora evidence (ammonites, foraminifera and nannoplantkton), combined rather unexpectedly with the bulk δ 18 O data. The Coniacian-Santonian cooling event, resulting from cold currents flowing from the north, is traceable in all studied sections. The cooling produced effects of different scale in different regions (Text- fig. 9 ). This pattern could have been caused only by the incursion of cool oceanic currents generated at high northern palaeo-latitudes (Text- fig. 10 ). It is best expressed within the Late Coniacian-Early Santonian in the sections of Dubovcy (Ukraine) and at the Coniacian-Santonian transition in Fizesti (Romania) where is associated with pronounced shift (~+1.0‰) in δ 18 O values followed by gradual warming. As argued by Stoll and Schrag (2000) fig. 10 ; Remin 2010) . The existence of a tectonically-induced morphological barrier, most likely emerged in Ukraine and SE Poland (Krukienic Island) and perhaps partially subaquaeous towards to the NW, played an important role in the developing paleo-circulation. Connections between the Tethyan Ocean and an epicontinental sea in the area of Dubovcy were progressively hindered either by the uplifted Krukienic Island or the cold currents from the north operated on a much larger scale preventing the ammonite faunas from mixing. Alternatively both of these factors were important. This explains the presence in Dubovce of Tethyan ammonites during the Late Coniacian followed by cold-water loving Boreal species during the early Santonian. It is accompanied by significant changes and the disappearance of Tethyan foraminiferal assemblages (compare Dubicka et al. 2014) . At Fizesti (Romania), Olazagutia (Spain) and East-Kent (UK), the incursion of cold-water masses is indicated by the appearances of selected species of cold nannoplankton (Lamolda and Paul 2007; Melinte-Dobrinescu and Bojar 2010) . The paleoceanographic story proposed above can thus be narrated without the oxygen isotope data. Nevertheless, bulk δ 18 O data, although diagenetically altered, support the paleocirculation model indicating that the studied samples retain some signatures of paleotemperature. The precise origins of the cool northern waters remain problematic.
